



封 面 ： 
分类号                    密级                






厦  门   大   学 
博 士 后 研 究 工 作 报 告 
 
 
新型超薄平板 MBR 组件的研制及膜污染控制 
姚  萌 
 
工作完成日期：  2014 年 5 月  
  
























新型超薄平板 MBR 组件的研制及膜污染控制 
 
 
The development of thin flat sheet membrane module  





博  士  后  姓  名：姚   萌  
工作站       名称：厦门高新技术创业中心博士后工作站 
三达膜科技（厦门）有限公司博士后分站 
流动站（一级学科）名称： 厦门大学 化学 




研究工作起始时间： 2012 年 5 月 
研究工作期满时间： 2014 年 5 月 
 
 
厦 门 大 学 

























本研究报告属于：  1、保密（√），  2、不保密（  ） 
纸本在  5   年解密后适用本授权书； 
电子版在  5  年解密后适用本授权书。 
   （请在以上相应括号内打“√”） 
 
 
作者签名：            日期：  年 月 日 













摘    要 
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超薄平板 MBR 运行通量应取 35LMH 以下。 
2. 建立小型超薄平板MBR，通过对污泥上清液中 SMP对膜污染研究指出，
SMP 中主要成分蛋白质、多糖和腐殖酸在膜上的吸附量随着 PN/PS 比例的升高
而升高，蛋白质的截留程度 高，其次是腐殖酸和多糖。根据 FRI 荧光指数的
变化可知蛋白质物质（芳香类和色氨酸类）是主要膜污染物质，低分子量有机
物被膜截留作为生物膜生长的供给。污泥上清液过滤的膜污染主要是污染层的






























































To implement development strategies and policies of China's water pollution 
control, relieve the situation of water shortage, highlight the material cycle concept, 
the traditional wastewater treatment process should be upgraded to improve the 
technical problems during wastewater recycling process. In this study, the technical 
issues during MBR engineering application are studied by means of urban sewage 
treatment. A new submerged membrane module was designed to change the 
traditional flat membrane plate design. For membrane module optimization, a 
different kind of support layer material was selected, and the traditional flat MBR 
effluent collection piping was changed. The gas-liquid tew-phase flow theroy is 
applied for membrane fouling control, to investigate the feasibility of slug bubbling 
for fouling control in the submerged thin flat-sheet MBR. 
1. The traditional flat plate was changed by another kind of support material. 
The membrane and support layer formed a film bag to reduce the thickness of 
membrane sheet, which was possitive effect for packing density incresasing of MBR. 
The filtrate collection was designed in the middle of membrane module. However, the 
collection pipe can connect the membranes and reduce the suction pressure. This kind 
of design can asssure the average pressure on the membrane surface to prevent 
serious membrane fouling. After the hot-melt adhesive of membrane, the membrane 
flux declined 16.7%. In the actual operational design, the economical gas-water ratio 
of 20:1, and the cirtical flux was 35LMH. 
2. The thin flat sheet MBR was estabished to investigated membrane fouling 
mechanism of soluble micral products in supernatant (SMP). The result showed that 
the main components of SMP was proteins, polysaccharides and humic acid. The 
adsorption of SMP increased with the protein to polysaccharides (PN/PS) ratio. The 
protein was rejected the most, followed by the humic acid and polysaccharides. 
















main fouling pollutants. The low molecular weight organic matter was retained by the 
membrane for biofilm growth. The fouling mechanism of supernatant filtration was 
the cake layer fouling, the irreversible fouling resistance was specific to TOC content. 
3. The implementation of gas-liquid tew-phase flow in flat sheet membrane is 
attibute to the optimization of membrane space and aeration systems. The critical 
techniques of slug bubbling was investigated to assess the advantages of effective and 
economical fouling control in flat sheet membrane system with slug bubbling. The 
cirtical flux experiment demonstrated that, compared with conventional free bubbling, 
slug bubbling could induce larger pressure fluctuation on membrane surface. The 
optimal turbulent condition could be obtained under specific bubble sizes and 
frequencies, which was beneficial to concentration polarization layer destruction and 
fouling control. Aeration amount can be reduced 28.6%, which was conducive to 
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特别适合在城市水处理中应用[1]。过去 10 年，与 MBR 有关的基础研究和实际应
用均得到广泛关注，世界范围内MBR处理的污水量大约以每年 20 %速度递增[2]。


































































































































































































































































 含氟类材料，目前主要用的是聚偏氟乙烯膜（PVDF）和聚四氟乙烯膜  
（PTEE）。这种材质的超滤膜有着极优良的机械强度和耐高温、耐化学
侵蚀性能。使用温度范围为40-260℃，可以在强酸、强碱和各种有机溶
剂条件下使用。   
 无机材料类，如陶瓷超滤膜，玻璃超滤膜，金属超滤膜等。无机膜具有
耐高温、耐有机溶剂、耐生物降解等优点。国外已有商品化的无机超滤















表 1.1  主要膜材质及其特征 
Table 1.1  The characteristics of main membrane materials 
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